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Abstract 

 

Although the terms "formation evaluation" are equally applied to both conventional reservoirs and shale prospects, their 

objectives, log-based quantifiable properties, lab measurements, and processes are distinctly different. This demands a change 

in workflows, mindset and paradigms of the Geoscience professionals, who had to walk through the learning curve at a fast 

rate, with the support of experience in the U.S.A. In Argentina, with over three years of learning in the Vaca Muerta Formation, 

a workflow has been created to evaluate this formation. This workflow, which encompasses log analyses, lab measurements 

and calibrations, is presented in this paper. Relevant properties must be summarized following quantification to proceed to 

decision-making. This is aimed at answering some questions, such as: Which intervals should be hydraulically fractured and 

which intervals should not? Which is the best interval to navigate in a horizontal well? It is worth mentioning that there are 

many properties that could be major drivers that determine the productivity of this prospect, being added and studied 

mailto:Martin.Paris@bakerhughes.com


progressively and methodically as projects move forward. Therefore, formation evaluation in unconventional prospects should 

not be deemed as the final product of a static science, because, as any process of knowledge creation, it evolves over time. 

 

References Cited 

 

Paris, M., et al., 2014, Evaluacion De La Formacion Vaca Muerta En Un Pozo Exploratorio, Premisas E Incertidumbres: 

CONEXPLO 2014, Argentina. 

 

Franquet, J.A., and E.F. Rodriguez, 2012, Orthotropic Horizontal Stress Characterization From Logging And Core Derived 

Acoustic Anisotropies: 46th U.S. Rock Mechanics/Geomechanics Symposium, 24-27 June, Chicago, Illinois. 

 

Franquet J., F. Méndez, M. Paris, and M. D’Onofrio, 2014, Shale Reservoir Characterization using Edge Leading Openhole 

Logging: CONEXPLO 2011, Argentina. 



1

©
20

14
Ba

ke
rH

ug
he

sI
nc

or
po

ra
ted

.A
llR

igh
ts

Re
se

rv
ed

.

© 2 0 1 4 BAKER HUGHES INCORPORAT E D. AL L RIGHT S RESERVED. T ERM S AND CONDIT IONS OF USE: BY ACCEPT ING T HIS DOCUM ENT , T HE RECIPIENT AGREES T HAT T HE DOCUM ENT T OGET HER WIT H AL L INF ORM AT ION INCL UDED T HEREIN IS T HE
CONF IDENT IAL AND PROPRIET ARY PROPERT Y OF BAKER HUGHES INCORPOR AT ED AND INCL UDES VAL UABL E T RADE SECRET S AND/OR PROPRIET ARY INF ORM AT ION OF BAKER HUGHES (COL L ECT IVEL Y "INF ORM AT ION") . BAKER HUGHES RET AINS AL L RIGHT S
UNDER COPY RIGHT L AWS AND T RADE SECRET L AWS OF T HE UNIT ED ST AT ES OF AM ERICA AND OT HER COUNT RIES. T HE RECIPIENT F URT HER AGREES T HAT T HE DOCUM ENT M AY NOT BE DIST RIBUT ED, T RANSM IT T ED, COPIED OR REPRODUCE D IN WHOL E OR
IN PART BY ANY M EANS, EL ECT RONIC, M ECHANICAL , OR OT HERWISE, WIT HOUT T HE EXPRESS PRIOR WRIT T EN CONSENT OF BAKER HUGHES, AND M AY NOT BE USED DIRECT L Y OR INDIRECT L Y IN ANY WAY DET RIM ENT AL T O BAKER HUGHES’ INT EREST .

Martin Paris

Formation Evaluation in Shale
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Experience in Argentina
Vaca Muerta Formation
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Formation Evaluation
Conventional Reservoirs Shales

Total/effective porosity
Permeability
Sw
Capillary pressure
…

TOC / %Ro / S1
Fracturability
Brittleness
Natural fractures
…

Objective
Quantify Reserves Hydraulic Fracture

Design
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Overview
Petrophysical Evaluation Shale Reservoir Vaca Muerta Fm. – Log suite
Workflow
Unconventional Sweet Spot
– Mineralogy Log
– Porosity
– TOC
– Brittleness & Mech Prop
Why new geomechanical models?
Traffic Lights and Validation
Lessons Learned
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Overview

We have learned from the Vaca Muerta Formation along three years

What we know

What we know we do not know Uncertainties
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Neuquén Basin Location
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Reservoirs in the Neuquén Basin
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Petrophysical Evaluation Shale Reservoir Vaca Muerta Fm.
Technologies Involved in Quantifying Reservoir Characteristics
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Outcrops
Lithofacies

Limestones
• Planar natural fractures
• Low embedment

Marls
• Dendritic natural fractures
• Hight embedment

– Uncertenty Sometimes fractures on limestone are filled with calcite or gypsum. If this natural fractures
are re-opened during fracking. Calcite or gypsum could seal the production (at least in one of the
faces).

Other features
Nodules
Beef (Thickness: 1 to 10 cm. Overpressure in source rock)
Ash bed (Hight Uncertenty) Thickness: 1 to 5 cm. Volcanic origin. Difficult propagation of hydraulic
fracture. High embedment
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Geomechanics 
Ortotropic Model 

Calibration 

Stress Contrast 
& 
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Unconventional Sweet Spot Characteristics
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Mineralogy Log
INPUT – PROCESS - OUTPUT
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Mineralogy from FLEX

Marcellus 

, , , 
\ 
\ , 
\ \ 

\ I 
\ \ " , , ' , ' 

70 
Eagleford 



13

©
20

14
Ba

ke
rH

ug
he

sI
nc

or
po

ra
ted

.A
llR

igh
ts

Re
se

rv
ed

.

To bear in mind

Taken from
Paris M., et al (2014) “EVALUACION DE LA FORMACION VACA MUERTA EN UN POZO EXPLORATORIO. PREMISAS E INCERTIDUMBRES.”
CONEXPLO 2014, Argentina
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TOC
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TOC

Best Practices
Samples are taken from the center of the rotary sidewall
cores, assuming that OBM failed to reach the center of the
core, as this is a low permeability formation. Here, the TOC
values obtained are more consistent with the regional
knowledge of the formation.
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LAB porosity shows a perfect fit with NMR effective porosity.
Total porosity is used in geomechanics and petrophysics calculations.

NMR vs. LAB

Porosity
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Brittleness

Taken from
Franquet J., et al (2014) “Shale Reservoir Characterization using Edge
Leading Openhole Logging” CONEXPLO 2011, Argentina



19

©
20

14
Ba

ke
rH

ug
he

sI
nc

or
po

ra
ted

.A
llR

igh
ts

Re
se

rv
ed

.

Why new geomechanical models?
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Building a Geomechanical Model
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Porosity ----­

Fracture Gradient 

Pore Pressure 
Bri tlenes 
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Traffic Lights
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Fracture Stages
GeoMechanical Model Validation
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Lessons Learned

• A workflow is developed for the Vaca Muerta Formation

• During the exploration phase of the evaluation of a shale prospect

• Logs with laboratory data calibration is necessary (DRX, TOC, petrophyisics).
• However there is great uncertainty in determining the mineralogy
• LAB porosity shows a perfect fit with NMR effective porosity.
• TOC can be calculated from Logs with great certainty.

• Always bear in mind the uncertainties

• Ash beds
• Natural fractures (open, healed)
• Pore PressureMineralogy
• Brittleness
• …
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